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Abstract Esterase enzymes play an important role in bi-

ology because they are responsible for the hydrolysis of

choline esters. In their absence, the original state of the post

synaptic membranes cannot be reestablished. Therefore, the

aim of the work is to study the inhibiting action exerted by the

group of compounds on these enzymes. Among these class of

inhibiting compounds, pesticides are important because of the

potential danger as a result of their large scale use in agri-

culture. Pesticides are generally determined using liquid or

gas chromatography methods with various detection tech-

niques. These methods are very sensitive and discriminating,

however they require sample pretreatment such as extraction,

preconcentration and clean up, which are skilled tech-

niques and high cost treatment and also time consuming. In

this study, acetyl cholinesterase and butyrylcholinesterase

based biosensors have emerged as a promising tool for the

detection and characterization of pesticides which are in-

hibitors of these enzymes. Although the physiological func-

tion of butyrylcholinesterase in comparison with acetyl

cholinesterase is ambiguous, it has larger substrate specificity

towards choline esters. Therefore, the development of a more

selective electrode against choline, can lead to more sensitive

determination of the inhibitor being investigated. Hence in

the present work, a method based on inhibition of butyryl-

cholinesterase was attempted for quantification of carbofu-

ran on the basis of cholinesterase inhibition. Butyryl-

cholinesterase with an activity of 10.2 units/mg was immo-

bilized on a solid surface by cross linkingwith glutaraldehyde.

The immobilized system was calibrated by correlating the

inhibition of the butyrylcholinesterase activity with varying

concentrations of the butyryl choline chloride and carbofuran.

The sensing mechanism was investigated for its response to

carbofuran concentrations ranging from 125 to 1,000 ppm.

The effects of butyryl choline chloride concentration on the

response of the sensing strip were also determined. Through

this work, a sensing element made up of a carbon based

electrode, containing the immobilized butyrylcholinesterase,

has been described. This element has certain practical ad-

vantages like smaller size, user friendly, easy portability and

disposability.

Keywords Biosensor � Butyrylcholinesterase �
Carbofuran inhibition � Pesticides

Introduction

Pollution of water and soil by pesticides has become a major

area of concern, due to the use of large amount of pesticides

in agriculture and related activities. The current detection

methods for pesticides residues in food, ground water and

soil require pretreatment of samples and are time consum-

ing. In this context, sensing systems based on the inhibition

of the cholinesterases are the best alternative choice. These

systems have the potential to replace the classical analytical

methods by simplifying or eliminating sample preparation

protocols and making field testing easier and faster with

significant decrease in costs per analysis. Research work

explaining the effect of temperature and pH on the kinetics

of inhibition of horse serum and human serum cholinester-

ase by using four organophosphorus compounds and five

carbamates has been reported and it was established that the

rates of inhibition by a given compound on human serum
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cholinesterase and horse serum cholinesterase were of the

same order of magnitude although their catalytic mechan-

isms were different [1]. Development of a potentiometric

butyryl choline sensor for organophosphate pesticides and

investigations on the action of inhibitors on the enzyme also

has been reported [2]. Immobilization of enzymes on pre-

activated transfer membranes which were physically at-

tached to glass pH electrodes has been attempted and the

sensor was successfully used to detect pesticide concentra-

tions ranging from 35 ppb to 21 ppm in soil extracts [3].

Studies on cholinesterase inhibitor analysis involving bu-

tyrylcholinesterase, choline oxidase and peroxidase and the

dependance of the three enzyme on the electrode response

has been reported earlier [4]. A butyrylcholinesterase sensor

using polyurethane based ion selective membranes was

fabricated and the immobilization technique was investi-

gated for detecting paraoxon [5]. A direct, selective, rapid

and simple determination of organophosphate pesticides by

integrating organophosphorus hydrolase with electro-

chemical and optical transducers has been described in de-

tail by researchers [6]. The organophosphorus hydrolase

catalysis, involving the hydrolysis of a wide range of

organophosphate compounds, releasing an acid and an al-

cohol that could be detected directly has been discussed in

earlier studies. A detailed review of cholinesterase has been

carried out for biosensors from basic research to practical

applications focusing on the various methods of immobi-

lizing enzymes, including amperometric bi-enzymatic ChE/

ChO biosensors, mono-enzymatic potentiometric biosensors

and second generation mono-enzymatic choline esterase

biosensors, their electrode materials and fabrication tech-

niques [7]. Mohammadi et al. have carried out a detailed

review on enzyme inhibition for determination of pollutants

and toxic compounds [8]. It is evident from literature

although most of the investigations use the principle of

cholinesterase inhibition, information on more reliable im-

mobilization protocols which allow such biosensing systems

to be competitive for development of small, portable in-

strumentation for rapid toxicity testing is scarce.Hence in the

current work a simple mechanism using immobilized bu-

tyrylcholinesterase was investigated and proposed for de-

tecting carbofuran.

Materials and Methods

Butyrylcholinesterase Assay and Immobilization

Butyrylcholinesterase purchased from Sigma-Aldrich was

used throughout this work. For the determination of bu-

tyrylcholinesterase activity a procedure as described else-

where [9] with slight modifications was followed. 7.5 ml of

butyryl choline chloride (2.5 mM) was mixed with equal

volumes of gelatin (0.01 %) and salt solution (0.005 %).

The pH of this mixture was adjusted to 7.0 at 25 �C using

0.01 M sodium hydroxide. Butyrylcholinesterase solution

(0.1–1 ml) was added for about 5 min and the volume of

0.01 M sodium hydroxide per time needed to maintain a

pH 7.0 was recorded. A suspension of 15 mg of carbon

black in 0.25 ml of Tween 80 in benzene (10 mg/ml) was

mixed and spread on a filter paper so as to obtain a uniform

carbon layer. Strips of equal size were then cut from this

and soaked for 4 h in 12.5 % solution of glutaraldehyde in

0.1 M sodium phosphate buffer solution of pH 7.4 and

containing 0.15 M NaCl at 37 �C in water bath. These

strips were then soaked overnight at 4 �C in butyryl-

cholinesterase solution.

Response of the Sensor

A calibration curve was plotted between different butyryl-

cholinesterase concentrations and the potential developed

using a multimeter (Sanwa JP-12D Multitester, Sanwa

Electric Instrument Co., Ltd., Tokyo, Japan). The resistances

and voltages of the sensor strips before and after the immo-

bilization were recorded. The voltages obtained were used in

the equation of the calibration curve to find out the activity of

the immobilized strips. The whole experiment was carried

out at room temperature and at a pH of 7.0.

Effect of Butyryl Choline Chloride on the Immobilized

Strip

Varying butyryl choline chloride concentrations (0.02, 0.06

and 0.1) were prepared. From each of the three concen-

trations, 10 lL of butyryl choline chloride was applied on

three different sensor strips. The potential was checked

using a multimeter for all the three different concentra-

tions. The activity of the butyrylcholinesterase on the

sensor was determined in all the three cases before and

after immobilization. The temperature was maintained at

33 �C and pH 7.0. A similar experiment was carried out to

check the effect of butyryl choline chloride concentration

on the free butyrylcholinesterase. Three different concen-

trations 3.32, 3.984, and 4.48 of butyryl choline chloride

were used to check for the maximum difference in the

potential.

Effect of Butyrylcholinesterase Concentration

In order to study the effect of butyrylcholinesterase con-

centration, different concentrations of butyrylcholinesterase

were made to react with the same concentration of butyryl

choline chloride. A stock solution of the butyryl-

cholinesterase with concentration 1.48 mg/ml was diluted in

phosphate buffer (pH 7.0) buffer to four different
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concentrations. The butyryl choline chloride concentration

was 5 mM and a pH 7.0 was maintained throughout the ex-

periment. The temperature was kept at 33 �C.

The Effect of Varying Butyryl Choline Chloride

Volume

This experiment was carried out by varying the volume of

butyryl choline chloride used in the experiment. Three

different sets of experiments were done with the butyryl

choline chloride volumes of 100, 200 and 300 ll and the

variation in the potential was observed. Butyryl-

cholinesterase concentration used in this test was 1.48 mg/

ml and the temperature was maintained at 33 �C with the

earlier pH.

The Effect of Carbofuran

Under the standard test conditions developed, the ex-

periment for different concentrations of carbofuran was

performed to check the response of the sensor. To measure

the response of carbofuran, 10 ll of 1,000 ppm of carbo-

furan was put on the strips. After the addition of the 10 ll
of butyryl choline chloride, the difference in potential was

observed using a multimeter. Thus the activity of the

sensing strip before and after the addition of carbofuran

was recorded. Three different concentrations of butyryl

choline chloride were used. The temperature was main-

tained at 33 �C and the buffer pH was 7.0. For determining

the effect of varying concentration of carbofuran, three

strips were first coated with 10 ll of 0.10 M butyryl cho-

line chloride. Carbofuran solutions of concentration of 125,

250 and 1,000 ppm were added and the potential was

measured. From these observations, the decrease in bu-

tyrylcholinesterase activity before and after addition of

varying concentrations of carbofuran was determined.

Results and Discussion

An enzyme coated strip was developed by immobilizing

butyryl choline esterase and its response for varying con-

centrations of the butyrylcholinesterase and butyryl choline

chloride was analyzed. Furthermore, different carbofuran

concentrations were tested to determine the range within

which the strip could be put to use. The activity of bu-

tyrylcholinesterase was established using the earlier de-

scribed method and found to be 10.2 units/mg.

Response of the Butyrylcholinesterase Strip

Butyryl choline esterase was immobilized on the strip as

per the procedure detailed earlier. The resistance of the

sensor strip was measured before and after the immobi-

lization step. The resistance of the enzyme coated strip

increased by 27.57 % after the immobilization. The re-

sponse of the sensor was stable only for a short period of

time. This probably may be due to the uneven nature of the

coating on the strip.

Effect of Varying Butyrylcholinesterase Concentration

Potential measurements with the sensor strip were made

whilst stirring a sample solution magnetically at constant

temperature. A calibration curve of the sensor was obtained

which along with the time-course of potential measurement

was used to calculate the butyrylcholinesterase activity.

The activity of the butyrylcholinesterase at each concen-

tration was determined. The potential developed was

plotted against the percentage of the initial butyryl-

cholinesterase activity. Figure 1 shows the dependence of

the response with varying concentrations of butyryl choline

esterase. It was observed that with the increase in con-

centration of butyrylcholinesterase the response increased.

From the slope of the plot, the activity corresponding to

any concentration of butyrylcholinesterase could be

determined.

Effect of Butyryl Choline Chloride Concentration

The current work on pesticide detection is based on the

principle of inhibition of butyrylcholinesterase. Hence the

activity of the developed sensor was tested with varying

butyryl choline chloride concentrations in order to deter-

mine the butyryl choline chloride concentration which

would give the best response. It was observed that the re-

sponse increased with increase in butyryl choline chloride

concentration (Figs. 2, 3, 4). The change in potential with

respect to time was observed to be maximum in the ex-

periment with butyryl choline chloride concentration of

4.48 mM. However, there was a deviation of the response

of the strip from linearity in experiments with 4.48 mM,

Fig. 1 Calibration curve for activity and potential of

butyrylcholinesterase
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which may probably be due to the fluctuations in tem-

perature during the measurements. A second set of ex-

periments was carried out by varying the butyryl choline

chloride volumes and in this case too it was found that

there was increase in potential with the increase in volume

of butyryl choline chloride. This indicates higher amounts

of ion generation due to higher product formation due to

the catalytic activity. Figures 5, 6 and 7 depict that the

potential and activity of the strip with lowest butyryl

choline chloride concentration showed minimum change in

potential and percentage activity while the strip with higher

concentration of butyryl choline chloride showed the

maximum change. Thus it can be concluded that with the

increase in concentration of butyryl choline chloride on

each sensor strip, there is an increase in product formation

which leads to an increase in potential and activity for the

duration tested.

Fig. 2 Variation of potential with butryl choline chloride concentra-

tion (3.32 mM)

Fig. 3 Variation of potential with butryl choline chloride concentra-

tion (3.398 mM)

Fig. 4 Variation of potential with butryl choline cholride concentra-

tion (4.48 mM)

Fig. 5 Increase in potential due to varying butryl choline chloride

concentration

Fig. 6 Percentage increase in butyrylcholinesterase activity due to

butyryl choline chloride concentration

Fig. 7 Variation in potential after addition of butryl choline chloride

and carbofuran
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Effect of Carbofuran at Varying Butyryl Choline

Chloride Concentration

Carbofuran was used as the model analyte for the opti-

mization of the inhibitor assay procedure. The dependence

of the concentration of butyryl choline chloride used for the

measurement on the inhibition effect was evaluated. The

results of the effect of carbofuran concentration are de-

picted in Figs. 8 and 9. From these results it is evident that

inhibition was proportional to the concentration of the

butyryl choline chloride, since there was significant change

in potential with the tests involving carbofuran.

Effect of Butyryl Choline Chloride at Varying

Carbofuran Concentration

The sensor strip was tested for its response by carrying out

measurements with carbofuran concentrations varying from

125 to 1,000 ppm (Figs. 9 and 10). As the concentration of

carbofuran was increased there was a substantial change in

the potential measured. Highest levels of carbofuran showed

maximum change in the potential. Owing to the tediousness

of the tests and maintenance of the measurement tem-

peratures only three levels of carbofuran were tested. Since

the rate of decrease of potential increased with the concen-

tration of carbofuran, it can be concluded that thismechanism

could be favourably used for detecting the carbofuran levels

up to 1,000 ppm. From the tests conducted, the inhibition of

butyrylcholinesterase due to the presence of carbofuran as

inhibitor was successfully measured using the butyryl-

cholinesterase coated strip. Responses to any samples with

unknown carbofuran concentrations could easily be deter-

mined using the standard plot.

Conclusion

Through this work a butyrylcholinesterase based sensor

capable of detecting presence of carbofuran in the envi-

ronment was developed. Butyrylcholinesterase was im-

mobilized and the response of the constructed electrode

was measured. The effects of varying butyryl choline

chloride concentration, carbofuran concentration on the

output of the butyrylcholinesterase sensor strip were in-

vestigated. The activity of the butyrylcholinesterase coated

strip was best observed at higher butyryl choline chloride

concentrations and lower carbofuran concentration. The

developed mechanism was able to detect carbofuran con-

centrations as low as 125 ppm and worked best at a butyryl

choline chloride concentration of 4.48 mM. The results of

the present study indicate that a butyrylcholinesterase

based sensor can be constructed and used for the detection

of carbofuran. Further investigations have to be carried out

to improve the stability and sensitivity of the sensor strip.

Further work in this area may be concentrated on deter-

mining the nature of inhibition and kinetics of the inhibi-

tion reaction.
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